The mental foramen (MF), located in the body of mandible in the region below the inferior premolars, is the anatomical structure through which the mental neurovascular bundle emerges. The MF can be seen clearly in panoramic X-rays. The object of the present study was to carry out a literature review in order to identify the frequency and position of the MF in panoramic Xrays. We looked for articles in the SCiELO, Pubmed, Scopus, LILACS, Web of Science and EBSCOhost databases, for the years 2006 to 2016. The key words used were "mental foramen", "mandibular canal", "inferior alveolar nerve", "anatomy" and "panoramic X-ray". Once the articles had been selected, an analysis was made of their methodological quality; poor-quality articles were excluded. In each article the frequency and position of the MF in each hemi-mandible was analyzed. We found 82 articles, of which 20 were retained after application of the exclusion criteria. The MF was found in 4,824 hemi-mandibles (95.2 %), with greater presence on the left side (50.29 %) than the right (49.71 %). The MF is most commonly located between the apices of the inferior premolars (42.22 %), coincident with the root of the second inferior premolar (33.98 %) or distal of the root of the second inferior premolar (10.98 %). The MF is a very frequent anatomical structure. Knowledge of its location is fundamental for reducing the risk of accidents and unexpected events during clinical and surgical manoeuvres.
INTRODUCTION
The mental foramen (MF) is an anatomical structure located in the body of mandible through which the mental nerve emerges. The mental nerve innervates the skin and mucous of the lower lip, the skin of the chin and the mucous of the vestibular face of the inferior incisor, canine and premolar teeth (Alves & Cândido, 2016) . The mental artery and vein also pass through the MF (Moore et al., 2013) , being responsible respectively for the irrigation and drainage of the region (Alves & Cândido) . Damage to the inferior alveolar nerve is one of the most serious complications in mandibular surgery (Soheilifar et al., 2016) , and can cause changes in sensitivity and temporary or permanent damage (Amorim et al., 2008) .
In X-rays, the MF appears as a radiolucent area in the region of the inferior premolars, sometimes coinciding with the root of one of them. Panoramic X-rays (PX) offer a great advantage over intraoral X-rays in the examination of hard and soft tissues, especially because of the continuity and extent of the area seen, and the rapidity with which the image is produced. Viewing the body of mandible as a whole offers greater precision in locating the MF in both the vertical and horizontal planes .
Knowledge of the MF and the structures which emerge from it and surround it is fundamental for minimising the risk of complications and optimizing surgical manoeuvres in the region.
The object of the present study was to carry out a review of the literature in order to identify the frequency and position of the MF in PX.
Study selection. In the first place the titles and abstracts of the articles were reviewed and duplicate studies were excluded; then all those which did not comply with the inclusion criteria were excluded. The whole text was examined in the case of articles with no abstract or insufficient information. The references of the articles included were examined carefully to identify additional studies.
Data collection. The data from each article selected were analyzed to obtain: sample size, population, sex, and frequency; position, shape and X-ray appearance of MF. The sample size was the number of panoramic X-rays analyzed in each article.
Evaluation of methodological quality. To assess the methodological quality of each article we used the points system of Cericato et al. (2015) , modified, using a total of 11 criteria (Table I ). The sum of the scores for each criterion was between minimum 0 and maximum 14. The articles were classified into 3 categories according to their total score: articles with 0 to 7 points were classified as low quality; 8 to 11 moderate quality and 12 to 14 as high quality. We also analyzed the percentage of studies which complied with each criterion analyzed. Articles classified as low quality were excluded for poor methodology. Table 1 shows the criteria proposed by Cericato et al. modified, discarding only the criterion "use of a control group", since it did not apply to this study.
RESULTS
A flow chart for the selection of articles at each stage of the review is shown in Figure 1 . We found 82 articles in the various databases: 26 in Scielo, 20 in PubMed, 20 in Scopus, 1 in LILACS, 1 in WOS and 14 in EBSCOhost.
Selection criterion Score 1. The abstract clearly presents the object of the study, the methodology, the results and the conclusions.
1 point 2. The study states the object clearly and precisely.
1 point 3. The ethical considerations of the investigation are cited in the text.
1 point 4. The type of study is described.
1 point 5. The study reports how the sample was calculated.
2 points 6. The inclusion and exclusion criteria are described (1 point each).
2 points 7. The study design is appropriate (randomisation and bias).
2 points 8. The statistical tests are described. 1 point 9. The p-values are cited.
1 point 10. The study results are expressed clearly and pre cisely.
1 point 11. The study limitations are discussed. 1 point Table I . Criteria used for methodological analysis of the studies. After excluding duplicates, we selected 69 articles. After application of the inclusion/exclusion criteria, 37 complete texts were selected and analysed, 15 of which were excluded for poor methodology. The qualitative analysis included 22 articles. Of the 22 articles, only 10 analysed the presence of the MF and 14 its position. The principal findings of the articles included are shown in Table II .
Evaluation of methodological quality. Each article was awarded a score based on the criteria analysed. Of all the articles studied, five obtained maximum 13 points (13.6 %) and two were awarded 12 points (5.4 %), giving seven high quality articles (19 %). There were thirteen articles awarded scores between 8 and 11 points, classified as moderate quality (35.1 %). The remaining articles (45.9 %) obtained below 8 points and were classified as low quality.
The percentage of articles for each item analysed is shown in Figure 2 . We observed that the principal weaknesses of the studies were that they did not discuss the ethical aspects of the research (49 %) (criterion 3), did not describe the type of study (68 %) (criterion 4), the design did not include (or the article did not describe) the randomization and the bias (49 %) (criterion 7), and that the study limitations were not discussed (49 %) (criterion 11).
Frequency analysis. Of a total of 5,071 hemi-mandibles analysed, the MF was found in 4,824 (95.13 %), with 50.29 % of foramina in the left hemi-mandible and 49.71 % in the right hemi-mandible. In the left hemi-mandible the presence of the MF was recorded in 95.70 % of cases, whereas in the right hemi-mandible it was present in 94.56 %.
Analysis of MF position. The 14 articles collected analysed a total of 8,906 hemi-mandibles. In the majority of cases the MF was located between the roots of the first and second inferior premolar; the least frequent location was mesial of the apex of the first inferior premolar. The frequencies of the positions of the MF diminish in the order: coincident with the apex of the second inferior premolar; distal of the apex of the second inferior premolar; coincident with the apex of the first inferior premolar. Moreover two situations were found which are not described in the proposed classification of position, namely a location coincident with the first inferior molar and another unclassified due to discontinuity of the premolar zone; these were assigned to position 6 (other position) (Fig. 3) . In the analysis of position by sex (Figure 4), 5,033 hemi-mandibles were analyzed. In both male and female individuals the most frequent position was between the apices of the first and second inferior premolar, but the percentage in this position was higher in men than in women. The lowest number of cases for the position of the MF was mesial of the apex of the first inferior premolar, in both men and women, and again a higher percentage was recorded in men.
In women the other positions described diminished in the order: coincident with the apex of the second inferior premolar; distal of the apex of the first inferior molar; other position, and lastly coincident with the apex of the first inferior premolar. For men also the frequency of the position decreased in the order: coincident with the apex of the second inferior premolar; mesial of the apex of the first inferior molar; but here there was a difference from the findings in women since the next position was distal of the first inferior premolar, and other position was the least frequent.
DISCUSSION
The MF is frequently related with certain stages of maxillofacial surgery and it is important to identify and preserve its limits in periapical surgery, implants and orthognathic procedures (Al-Khateeb et al., 2007) . The MF and its anatomical variations must be considered in order to allow clinical and surgical procedures to be carried out safely in the region (Imada et al., 2014) .
Turning to the frequency of the MF in the PX, Fuentes et al. (2014) , in a study of a Chilean population, concluded that the MF is visible in 87.9% of cases, with a higher percentage in men. Chkoura & El Wady (2013) , in a Moroccan population, described a frequency of 79.8%, while Ngeow et al. (2010) found a visible MF in 77.8% of cases in a Malay population.
According to the studies analysed, sex and age were comparable characteristics for presence of MF, with a higher percentage of visibility in men and at younger ages (Fuentes et al.) . However other authors found no statistically significant differences between the sexes (Currie et al. (2015) .
According to Currie et al. , the most frequent position of the MF was between the first and second inferior premolar (76 %); in this they are supported by Al-Shayyab et al. (2015) (48.6 %), Gada & Nagda (2014) Parnami et al. (2015) and Verma et al. (2015) .
In Caucasians the antero-posterior position of the MF was in the area between the long axes of the first and second mandibular premolars, followed by the position in line with the axis of the second inferior premolar. On this basis, these authors state that to carry out a nerve block in the region the needle should be placed opposite the second mandibular premolar, with a 95 % chance of success. According to Green et al. (1987) , the position of the MF in Caucasians is just anterior of the long axis of the second mandibular premolar, while it is further posterior in Mongoloid, Melanesian and Negroid ethnic groups. Ari et al. (2005) , indicate that features like the location of the MF could be used not only to distinguish between populations from different geographical zones, but also between inhabitants of the same zone. On the left side the MF is mostly located between the longitudinal axes of the first and second premolars, however on the right side it is related to the longitudinal axis of the second premolar; this finding for the MF on the right side agrees with Parnami et al. (61 %), Chkoura & El Wady (62.7 %) , Muinelo-Lorenzo et al. (2015) (57.9 %), Verma et al. (45.2 %) and Fuentes et al. (26.34 %) .
Currie et al. state that the position of the MF is usually symmetrical, in 62 % of cases; this correlates with the findings of Al-Shayyab et al. (2015) , who found symmetrical positioning of the MF in 78.4 % of the cases analyzed.
The MF may present in different shapes: it was round in a majority of cases (55.8 %) according to Verma et al., corroborated by Al-Shayyab et al. (2015) . This contradicts the findings of Muinelo-Lorenzo et al., who reported that the most frequently found shape was oval (73.1 %); and of Guedes et al., who reported that it was irregular (62.7 %). Al-Shayyab et al. (2016) , Gupta et al. and Verma et al., describe that the most frequent appearance in X-ray is as a continuation of the mandibular canal (MC), followed by appearance separately from the MC.
It should be noted that absence of the MF is very rare, occurring in around 0.06 % (de Freitas et al., 1979) . The MF was absent or could not be identified in 22.2 % of cases according to Ngeow et al., and in 16 .13 % according to Muinelo Lorenzo et al. Previous studies have shown that panoramic X-rays present satisfactory precision for identification of the MF and MC (Soheilifar et al.) ; however some authors assert that PX are not suitable for identifying the MF, and that other imaging techniques should be used in pre-surgery planning, such as cone beam computerized tomography (Muinelo-Lorenzo et al.) . It should also be borne in mind that PX emit radiation, and although the emissions are lower than with other imaging techniques such as tomography, there is no justification for exposing a patient to radiation for the sole purpose of analyzing the position of the MF.
CONCLUSIONS
The MF is a very frequent anatomical structure, generally located below the inferior premolars. It is of great clinical importance, and detailed knowledge of its characteristics and anatomical variations is very important for avoiding complications and reducing the risk of accidents during clinical-surgical procedures in the region. Although PX present good precision in identification of the MF, clinical conditions may occur which require other imaging techniques for identification. 
RESUMEN:
El foramen mental (FM), ubicado en el cuerpo de la mandíbula, inferiormente a la región de los dientes premolares inferiores, es la estructura anatómica por donde emerge el paquete vásculonervioso mental. El FM se logra visualizar con buena precisión en una radiografía panorá-mica. El objetivo del presente estudio fue realizar una revisión de la literatura para identificar la frecuencia y posición del FM en radiografías panorámicas. Se buscaron artículos en las bases de datos SCiELO, Pubmed, Scopus, LILACS, Web of Science y EBSCOhost, entre los años 2006 y 2016. Las palabras clave utilizadas fueron "foramen mental", "canal mandibular", "nervio alveolar inferior", "anatomía" y "radiografía panorámica". Tras la selección de los artículos se realizó un análisis de la calidad metodológica de los mismos, donde se excluyó artículos de baja calidad. Se analizó en cada artí-culo la frecuencia y posición del FM en cada hemimandíbula. Se encontraron 82 artículos, de los cuales quedaron sólo 20 al aplicar criterios de exclusión. El FM fue encontrado en 4824 hemimandíbulas (95,2 %), siendo el lado izquierdo donde hubo mayor presencia de forámenes (50,29 %) en comparación al lado derecho (49,71 %). El FM se localiza entre los ápices de los premolares inferiores en 42,22 %, es coincidente con la raíz del segundo premolar inferior en 33,98 %, y es distal a la raíz del segundo premolar inferior en 10,98 %, siendo éstos los más relevantes. El FM es una estructura anatómica muy frecuente, ubicada en general inferiormente a los premolares inferiores. Es una estructura de gran importancia clínica, por ello el conocimiento detallado de sus características y variaciones anatómicas es muy im-portante para evitar complicaciones y disminuir el riesgo de accidentes durante procedimientos clínico-quirúrgicos en la región. Además, a pesar de que la RP presenta buena precisión en la identificación del FM hay condiciones clí-nicas que requieren otros métodos imagenológicos para su identificación.
PALABRAS CLAVE: Foramen mental; Canal mandibular; Nervio alveolar inferior; Radiografía panorámica; Anatomía.
